We assessed relative bone mineral content (BMC) in normal-weight (BMI < 85th percentile), overweight (BMI ≥ 85th-< 95th percentile), and obese (BMI ≥ 95th percentile) adolescents and evaluated the impact of nonweight bearing stationary cycle exercise training in a subset of obese participants. Obese and overweight adolescents had higher (p = .001) BMC than normal-weight counterparts, but after adjusting for total body mass the overweight and obese adolescents had a significantly lower (p < .001) BMC than normal-weight subjects. Although aerobic training such as cycling would seem optimal for caloric expenditure in obese adolescents, this study showed that eight weeks of cycle training did not improve BMC in obese adolescents. Weight-bearing aerobic exercise would be a better option for optimizing bone health in this population.
The prevalence of overweight children age 6-11 years has more than doubled since the 1960s, increasing from 6.5% to 15.8% (24) . For children age 12-19, the prevalence of overweight has more than tripled with an increase from 5% to 16 .1% (24) . Numerous studies have shown that obesity increases morbidity and mortality (14, 23, 24) . Many of the complications associated with obesity can be decreased with an appropriate weight loss program in overweight children (23) . However, one of the negative aspects of weight loss is the subsequent loss in bone mineral density (BMD; 18). Peak bone mass increases throughout childhood and puberty, and slowly starts to deteriorate following young adulthood. There is evidence showing that the years during childhood and adolescence are an opportune time for bone adaptation to loading (1, 11, 18, 20) . Exercise during childhood may promote an increase in BMD, which may potentially reduce the risk of fractures and osteoporosis later in life (8) .
For BMD to increase or remain constant, the load on the bone needs to exceed normal loading patterns. Exercise provides an intervention that can increase BMD; however bone response to exercise is dependent on load modality and is site specific
Templeton and Dengel are with the School of Kinesiology, University of Minnesota, Minneapolis, MN 55455. Kelly and Steinberger are with the Dept. of Pediatrics, University of Minnesota Medical School, Minneapolis, MN 55455. (13) . Weight bearing activities, such as running, show the greatest improvements in BMD (15) . Unfortunately, obese adolescents tend to dislike weight bearing exercise due to difficulties brought on by their added weight (4, 19) . More research is needed to examine the effects nonweight bearing activity, such as cycling, has on the skeleton of an obese adolescent.
Although BMD is the standard measure of osteoporosis in adults, it has been recognized that the measurement of BMD in children becomes confounded by bone size (2, 7, 17) . The use of BMD factors out the bone accumulation that is associated with change in bone size. Bone mass, such as bone mineral content (BMC), is a more important measure of bone growth (7) . Furthermore, it has been shown that BMC relative to total body weight in obese adolescents is lower than normal weight adolescents and the risk of facture during adolescence is associated with higher levels of adiposity (5, 6) . By measuring BMC in groups graded by adiposity in adolescents, the purpose of the current study was twofold: 1.) to compare BMC in obese (OB), overweight (OW) and normal-weight (NW) adolescents, and 2.) to examine the effects of a cycling aerobic exercise training (AET) routine on BMC in a subset of obese adolescents.
Methods

Patient Population
Baseline data from fifteen OW (Body mass index [BMI] ≥ 85th percentile for age and gender), 32 OB (BMI ≥ 95th percentile for age and gender), and 49 NW (BMI < 85th percentile for age and gender) adolescents was taken from subjects enrolled in a prior studies recruiting from the Minneapolis/St. Paul, Minnesota area (9, 10, 21) . Following baseline tests, 21 OB subjects were randomized to either a control (n = 10) or AET (n = 11) group. Cardiovascular risk factor data from the exercise training study have been previously reported (9, 10) . The study protocol was reviewed and approved by the University of Minnesota Institutional Review Board. Written informed assent and consent were given by all participants and parents/guardians.
Laboratory Measurements
Study subjects arrived in the morning at the University of Minnesota's Laboratory of Physiological Hygiene and Exercise Science (LPHES) in a fasted state. They were informed to not exercise the day before testing or consume caffeine 8 hr before the testing. Cardiorespiratory fitness was assessed using a graded intensity protocol on a stationary cycle ergometer (ERG 401, Dimeq Corporation, Berlin, Germany) starting at 20W and increasing 20W every two minutes until exhaustion. Expired oxygen and carbon-dioxide concentrations and volumes were collected and analyzed using a MedGraphics CPX-D metabolic cart (Medical Graphics Corp., St. Paul, MN). Before the graded exercise test, body composition and bone mineral content were determined by dual-energy x-ray absorptiometry (DXA; Prodigy, 3 M, Madison, WI, USA; software version 6.7) at the University of Minnesota General Clinical Research Center (GCRC). The scans were performed using a fast transverse speed mode and the scanner was calibrated monthly with known phantoms. All BMC results in this study exclude the skull because the variability in relative skull size may confound the whole body data (22) . Height and weight measurements were taken with a stadiometer and standard electronic scale (Model 5002, Scale-Tronix Inc., Wheaton, IL), respectively. Repeat measurements were performed on 21 OB (control and AET) subjects who participated in the 8-week exercise intervention.
Exercise Protocol
The 10 nonexercising control group participants were asked to maintain their current levels of activity and did not participate in the structured exercise protocol. The exercise training program was conducted in the LPHES at the University of Minnesota. Exercise training took place four times per week for 8-weeks and consisted of stationary biking starting at 50-60% of peak oxygen uptake (VO 2peak ) for thirty minutes per session (includes a five minute warm-up and cool-down). Exercise intensity was monitored using the appropriate heart rate that corresponded to the percentage of VO 2 peak. Each week either duration or intensity was increased until subjects were exercising at an intensity of 70-80% VO 2 peak for a duration of 50 min for the final two weeks of training.
Statistical Analysis
All statistical analyses were conducted using SPSS 15.0 (2006) for windows. A oneway analysis of variance (ANOVA) with post hoc Tukey HSD was used to evaluate differences between NW, OW, and OB subjects. Descriptive analyses include means, standard deviations, and p-values. Natural log transformations of BMC variables and total body mass were taken before comparing BMC in NW, OW, and OB subjects. The natural log transformations were used to meet the assumptions of linearity, normality of residuals, and constant variance. All BMC variables were separately adjusted for total body mass. Bone mineral content values are expressed as back transformed means and 95% confidence intervals. Linear Regression was used to compare BMI with total BMC with and without controlling for total body mass.
Comparisons of variables between the control and AET groups before and after the 8-week period were analyzed by two-way repeated-measures ANOVA. Values are expressed as means ± SD. Natural log transformations of the BMC variables were taken to meet the assumptions of linearity, normality of residuals, and constant variance. Adjustments for total body mass were made separately. Bone mineral content values are expressed as back transformed means and 95% confidence intervals. For all statistical analysis a p-value of 0.05 was used to determine significance.
Results
Subject characteristics for the three groups are summarized in Table 1 . Gender, tanner stage, age, and height were not significantly different among the three groups. Total body mass was significantly higher in the OW and OB groups resulting in a significantly greater BMI for these groups. Percent body fat, lean mass and fat mass were all significantly greater for the OW and OB subjects. No gender interactions were observed.
Bone mineral content variables for the NW, OW, and OB subjects are summarized in Table 2 . Before adjusting for total body mass, the OW and OB subjects had significantly greater total BMC (combined BMC minus the BMC of the skull), arm BMC, leg BMC, and trunk BMC than the NW subjects. After adjusting for total body mass, the opposite result was seen for BMC variables, with the NW subjects being significantly greater than the OW and OB subjects. A comparison of BMI and log transformed total BMC unadjusted for total mass shows a significant positive correlation (r 2 = .305, p < .001) as shown in Figure 1 . After adjusting for total mass, there was a significant negative correlation (r 2 = .882, p < .001) between BMI and log transformed total BMC (Figure 2 ). No significant difference was seen between the groups when the BMC variables were adjusted for lean or fat mass. A total of 21 OB subjects participated in the 8-week intervention. Ten of the OB adolescents were in the control group and 11 participated in an 8-week cycle training routine. There were no baseline differences between the control and AET groups for any of the descriptive variables (Table 3) . Following the 8-week intervention, both groups significantly increased in height and weight. No significant differences were seen between groups for height and weight. No significant differences were noted for the group or training effect for VO 2 peak, but there was a trend (p = .081) for improvement in VO 2 peak in the AET group compared with the controls. Bone mineral content variables for the control and AET groups (pre and post) are shown in Table 4 . All baseline BMC variables were not significantly different between the two groups. Both groups showed significant increases in total BMC and trunk BMC following the 8 weeks. There were no significant changes in arm or leg BMC variables following the 8-week training intervention. In addition, there was no significant interaction in the BMC variables between training and the two groups, except for BMC in the legs. The AET group slightly decreased in leg BMC, while the control group had an increase (interaction p-value = 0.006).
Discussion
The present study demonstrates two main points: 1) although the OW and OB groups had significantly greater absolute BMC, after adjustment for total body mass (relative BMC), OW and OB adolescents had lower BMC compared with NW counterparts, and 2) cycle training for 8-weeks in OB adolescents did not improve BMC. It is important to note that height in both the control and AET groups significantly increased over the 8-week intervention, which should translate to an increase in BMC for both groups. Our data suggests that OB adolescents have decreased BMC compared with NW counterparts when adjusted for total body mass. A similar finding was reported by Goulding et al. (6) who showed that total BMC and bone area in overweight and obese children, relative to body weight, were lower than predicted values when compared with normal weight counterparts. Goulding et al. (5) also showed that adolescent females with fractures had a lower total bone mineral density than females without fractures and a higher proportion of overweight females had fractures. Overweight children may be at a higher risk for fractures when compared with children of a healthy body weight because OW children have a lower bone area and mass for their weight than their lighter counterparts (5, 16) . Low bone density, excess adiposity, and high BMI each increase the risk of fractures in adolescents (5). Children do not gain weight and bone mass at the same time during growth and this difference between total body mass and bone mineralization may make the skeleton more vulnerable and increase the risk of fracture (5) .
Adolescence is a crucial growth period for BMD with almost half of the adult bone growth occurring during this time frame. For OW adolescents there is a potential compromise of bone loss during successful weight loss programs (18) . The present study showed that 8-weeks of cycle training was not beneficial to the BMC in the legs in OB subjects, contradicting the results of the exercise study done with female adolescence by Rourke et al. (18) and the 6-week circuit training study done with obese adolescents by Yu et al. (25) . Although Rourke et al. showed no loss in total bone density when compared with weight loss, the female subjects were not limited to a certain type of physical activity and the type of activity subjects performed was not mentioned. The bone data collected by Rourke et al. was not separated into regions, so site specific changes cannot be determined (18) . Yu et al. found that 6 weeks of circuit training significantly increased BMC in obese adolescents compared with age and weight matched sedentary control subject, but the aerobic training was mixed between weight bearing and nonweight bearing activities and the resistance training may have played a role in BMC changes (25) .
The difference in results between our study and previous studies may be the activity used. Nonweight bearing activity, such as cycling or swimming, tends to be the physical activity of choice for overweight subjects starting an exercise routine (4, 19) . A study by Duncan et al. (3) compared bone density in a group of female adolescents. It was found that even when female athletes began swim training at a prepubertal age, bone mineral density is lower than other sports and not significantly different from nonathletes. Female cyclists also showed no significant difference in BMD compared with nonathletes suggesting that cycling does not provide a strong osteogenic stimulus for bone mineral growth (3). Although cycle training may be more desirable for overweight adolescents, the need for weight bearing exercise is imperative for preventing loss in the mineral contents of the bone.
Weight bearing activities, such as running, result in the greatest levels of BMD in adolescents (3). Duncan et al. (3) found that leg extension strength had a stronger relationship to BMD when compared with leg flexion strength, but strain on the bone through the use of loading may play a more important role than muscle tension force alone (3). In order for a nonweight bearing activity such as cycling, to be beneficial to BMC, the load on the bone needs to be increased and increasing cycle resistance may not be sufficient.
Limitations
Although subjects were asked to maintain current activity levels outside the training routine, formal tracking of activities of daily living during the intervention was not performed. It is possible that subjects in the exercise group chose to engage in less physical activity outside of the formal training program (i.e., decreased weightbearing activity), which may explain the significant interaction observed for leg BMC between participants in the exercise and control groups.
Conclusion
In conclusion, this study demonstrates that overweight and obese adolescents have a lower relative bone mineral content compared with their normal-weight counterparts. Eight weeks of nonweight bearing exercise training did not increase BMC in overweight and obese adolescents. These findings support previous reports (1, 12, 13, 25) suggesting that weight bearing physical activity may be ideal for overweight and obese adolescents in need of weight loss. Further investigations outside this pilot are needed on the effects of exercise interventions on the bone mineral content in obese adolescents. This topic has important health implications considering the current prevalence and obesity trends in youth.
